The Todos os Santos bay is a Brazilian coastal marine area that was appointed as top priority for biological conservation. However, there are still too few studies about the local composition of marine communities. The aim of the present investigation was to survey the diversity of marine algae in the sub-tidal zone around the reefs of the Todos os Santos bay. Samples from seven different sites in the bay were obtained by scuba diving through qualitative and quantitative methods, being the collections repeated in rainy and dry seasons. One-hundred and forty-two taxa were found: 31 Chorophyta, 27 Ochrophyta, 83 Rhodophyta, and one Macrophyte. Higher diversity and evenness indices were found during the dry season. Sargassum spp., Dictyopteris delicatula, and Halimeda opuntia were the most abundant macroalgae in the bay. Greatest number of species and most abundant samples were obtained in the oceanic region of the bay, while fewer species and less abundant samples were obtained in areas that are more exposed to the effects of human disturbance. The composition of the flora and abundance of macroalgae in each area of Todos os Santos bay seem to be determined by the quality of local seawater (i.e. degree of eutrophication). Keywords: Macroalgae, tropical bay, reef formation, eutrophication.
INTRODUCTION
In order to successfully implement environmental management and conservation programs in marine ecosystems, it is first necessary to determine the structure and dynamics of the communities and populations of these ecosystems. Nonetheless, the degradation rate of natural systems is still usually faster than the counteracting effects of conservation programs. Partially closed marine systems, such as bays surrounded by cities, figure among the most sensitive coastal environments on the planet.
Todos os Santos Bay (13°S, 38°W) is one of the largest Brazilian bays, with an area of about 1,000 km 2 (Silva et al. 1996) , located in one of the most important urban centres of Northeastern Brazil. This bay is directly affected the large metropolis of Salvador (2.8 million inhabitants), with its industrial wastes of chemical plants and an oil refinery, and by the activities of a harbour located over its North and Northeast area.
The Todos os Santos Bay -we will refer to it as TSB henceforth -is also important to the local tourism, and shell-fishing is widely spread in its waters. There are many different habitats, such as estuaries, inner bays, mangroves, coral reefs, and rocky coasts within this bay (Silva et al. 1996) .
The coral reefs and rocky shores of tropical regions are considered the most diverse marine environments on the planet (Munõz & Pereira 1998 , Villaça 2002 . Brazil is the only country of the South Atlantic Ocean with coral reefs (Castro 1999) . The Brazilian reefs of Bahia State are considered the most diverse of the country, and house many endemic species of corals and others organisms (Leão 1996 , Castro 1999 , Villaça 2002 . In Bahia alone Leão (1996) observed as many as five different kinds of coral reefs distributed in five sectors along the coast.
In 2002, the TSB was appointed by the Brazilian Environmental Ministry as an area of oustanding biological importance and of top priority for conservation, chiefly because of its coral reefs (Ministério do Meio Ambiente 2002) . The great importance of coral reefs is as much due to their biological diversity as to their elevated biological productivity. The rapid population growth and industrial development around the TSB are negatively affecting the quality of its waters in many ways (Tavares et al. 1977 , Souza et al. 1978 , Wallner-Kersanach 1994 , Silva et al. 1996 , Amado-Filho et al. 2001 , Macedo et al. 2001 . Along some coastal areas of the TSB the unrestrained urban growth becomes evident, especially in the city perifieries, what is potentially dangerous to coral reefs, according with Leão (1996) .
Apart from some studies about the marine algae of some areas of the TSB (Joly et al. 1965a ,b, Araújo 1984 , Santos 1992 , Guimarães & Oliveira 1996 , Moura et al 1999 , Nunes & Paula 2002 , Barros-Barreto et al. 2004 , Alves & Moura 2005 , Nunes, 2005a , no comprehensive investigation was done on the benthic flora of the TSB. Thus, the aim of the present study was to contribute to the body of knowledge about the marine biota of sub-tidal reefs of TSB and to analyse the degree of similarity among its different areas and during the different seasons.
MATERIAL AND METHODS

STUDY AREA
The TSB is located at the North part of the coast of Bahia state, as shown in Figure 1 . There is an ample diversity of habitats in TSB, reflecting in a great diversity of organisms (Silva et al.1996) . The local coral reefs were described by Leão (1996) as shallow fringe reefs, more or less continuous, occurring in depths ranging from about water level to up to no more than 10m deep, in the fore reef zone.
The sediment texture of the sea floor of the TSB varies from clay to very thick sand. The climate in this region is tropical humid, and presents two distinct periods: a dry one and a rainy one. The rainy period takes place in April/June, with the precipitation reaching about 930mm, which is almost 45% of the mean total annual rain precipitation of 2,100mm/year. The average value between the highest and lowest temperatures of the year is always higher than 18 o C within the TSB region. The lowest temperatures (23.6 o C) are usually recorded in July, while the highest temperatures come in March (26.7 o C) (Macedo et al. 2001) . Water circulation within TSB bay is chiefly driven by tides, which are semi-diurnal with a maximum range of 2.7m (Lessa et al. 2001) . In its main part, salinity in the bay ranges 33.0-36.7ppm, and the temperature of the water varies 24 -
30
o C -a typical variation of open shallow marine areas (Wolgemuth et al. 1981) . The tidal currents are generally weak, being strongest closer to the mid-tide. Yet, around the entrance of the bay and about Frades Island, a kind of channel is formed between the island and the land, and the currents of these areas can reach 80cm/s (Lessa et al. 2001) . 
SAMPLING
A total of seven sites for sampling in the TSB were selected (indicated by numbers in Figure 1 ) with the objective of representing the overall local phytobenthic diversity. Two of them, namely Tapera  ( Qualitative sampling was done in the same periods and also in September 2000 (a rainy period) and April 2001 (a dry period) (consult INMET web page). The sampling was done through 'destructive' methods. For quali-quantitative sampling, seven square sections of 20 x 20cm² were randomly distributed along a 20m-long horizontal imaginary line about 1-3m deep. For qualitative sampling, a 100m-long sampling line was traced and algae were therein collected at random. Sampling was always done by the same divers, and they tried to obtain as diverse species as possible. Crustose calcareous algae were not sampled.
After collection, all sampled materials were kept inside plastic bags and fixed with formalin 4%. In the laboratory, qualitatively-sampled materials were separated for later determination of habit, phenology and species, while the quantitatively-sampled materials were identified in species and counted. Species identification was done with the aid of an optical microscope, a steromicroscope, and general and using specialized bibliography (e.g. Joly et al. 1969b , Nunes 1998a , 1999 , Nunes & Paula 2000 , 2002 . Nomenclature used followed Wynne (2005) .
Algae population of each square section was quantified based on dry weight: after identification, every population from each section was sorted under a stereomicroscope and dried at 60 o C for 48h. The populations were then weighed with an analytical scale. Samples weighting less than 0.001g were assumed to weight 0.0001g. Means are always presented with standard error (S.E.).
DATA ANALYSES
Data from qualitative collections was used to compare the different sites and seasons in terms of number of species and morphological clusters present. Data from quantitative collections was used to evaluate differences between seasons and sampled sites in terms of biomass. In latter analises, means were compared through Cochran's variance analisys by two-way ANOVA, using the STATISTICA software v. 5.0. The following indices were determined and compared for each area and season: Shannon-Wiener Diversity index (H'), Pielou Evenness index (J') (see Brower & Zar, 1997) , and percentage importance (Pi%) of each species. The latter is a measure of how much of the biomass value found for each site that species represents. Moreover, a dendrogram was built based on an UPGMA cluster analysis of Bray-Curtis (1957) coefficients, and also a SIMPER (Similarity Percentage Report) analisys based on the Bray-Curtis similarity index with PRIMER software v. 5.0. The SIMPER analyses yielded a list of the species which contributed the most for the clusters detected in the dendogram, in order of importance, until they reach, together, 90% of similarity and dissimilarity between the clusters.
RESULTS
QUALITATIVE DATA
A total of 142 taxa were identified: 31 Chorophyta, 27 Ochrophyta, 83 Rhodophyta, and one seagrass H. decipiens Ostenfeld (Table I) , totalling 19 orders, 37 families, 75 genera, 132 species, and 11 varieties and forms.
Amongst the Chlorophyta, the order Bryopsidales was the most representative one with 21 taxa, while the order Dictyotales was the most representative of the Ochrophyta. Among Rhodophyta, the order Ceramiales presented the greatest number of taxa (37). Ceramium Roth (12), Caulerpa J. V. Lamour (10) and Dictyota J. V. Lamour (7) were the most representative genera.
The greatest number of taxa (92) was found in Penha, followed by Paramana (60). The lowest numbers of taxa were found in Farol da Barra and Humaitá -23 and 24, respectively ( Figure 2 ).
The number of species tended to increase during the dry season ( Figure 2 ) in some of the sampled sites.
The greatest difference in number of species between seasons was found between Penha and Humaitá. Tapera and Botelho presented more species during the rainy seasons, while no signifficant difference in number of species found between seasons was perceived in Paramana, Saubara and Farol da Barra (Figure 2 ), although the species composition of these areas was quite different (Table I ). Penha presented the highest amount of exclusive taxa (14) while Humaitá had only one exclusive taxon ( Table I ).The only species that were found in all the sampled sites were D. delicatula and H. spinella.
Most species found in the TSB are widely spread over the Brazilian coast: 44% occur in the Northeastern, Southeastern and South regions and 39% can be found in the Southeastern and South regions of Brazil. Among these, it should be stressed that B. pusilla, B. pennata, B. plumosa, C. vagabunda, U. fasciata, D. delicatula, D. cervicornis f. cervicornis, P. gymnospora, C. clavulatum, G. crinale, J. adhaerens and P. subtillissima occur in practically all the coast of Brazil from Maranhão to Rio Grande do Sul. Only 9% of the species found are restricted to the Northeastern region of Brazil.
Thirty-four percent of the 142 identified taxa were observed to be fertile during the study periods (Table I) . Sporophytic taxa figured 75% of the fertile taxa. No fertile chlorophytes were found. Male plants were less frequent (found in 8 taxa) than females (found in 19 taxa). Tapera and Penha presented the highest percentage of fertile taxa (both 30%), although Penha had twice the number of taxa found in Tapera. Botelho had the lowest number of fertile taxa (5%). An increase in the number of fertile taxa was observed during the rainy seasons in Tapera, Paramana and Farol da Barra. The number of fertile taxa did not vary in Saubara between the different seasons. In Botelho, two fertile taxa were observed, only in the dry season.
Regarding the epiphyte-host relationship, D. delicatula was an epiphyte of most taxa (30) 
QUANTITATIVE DATA
The mean dry biomass found for all square sections of the TSB was 273+48 g.m -2
. Penha presented the highest mean biomass: 367+46 g.m -2 . An increase in biomass was observed during the rainy seasons in all sites except Penha (compare Table II, Table III , and Figure 3 ).
Regarding the Pi% of each species, those of the Ochrophyta group (mainly Sargassum spp., D. delicatula and L. variegata) were the most abundant species in Tapera, Botelho, Saubara, and Farol da Barra. In Paramana the chlorophyte H. opuntia was the most abundant species, while in Humaitá the Rhodophyta H. spinella was the most abundant. In Penha, B. seaforthii (Rhodophyta) was the most abundant during the rainy season, while in the dry season the Ochrophyta was most abundant (Table  IV) . The mean Diversity index (H') and Eveness index (J') of the TSB were 1.36 and 0.39, respectively. A tendency to increased values of H' and J' was observed in Paramana and Penha and also in samples from the dry seasons (Table V) . 
Herposiphonia tenella
Polysiphonia denudata ) and percentual of importance (Pi%) of taxa which represented more than 1% of the total mean biomass found in each sampling site and season; (S.E.) Standard Error The dendrogram built based on the similarity index accused the existence of four distinct clusters of sampled sites (Figure 4) . Two clusters consist of a single sampled site each: cluster 1 represented by Saubara (56%) and cluster 2 represented by Humaitá (46%). Clusters 3 and 4 consist of two (Farol da Barra and Penha) and three sampled sites (Tapera, Paramana and Botelho), respectively. The SIMPER (Table VI, A and B) analyses revealed that clusters 1 and 2 differed mainly by the presence and relative abundances of S. cymosum (contributed with 90% for the formation of cluster 1) and H. spinella (contributed 72% for the formation of cluster 2). Cluster 3 is characterised by D. delicatula contributing with 81%, and cluster 4 is characterised by the contribution of S. vulgare of 62%.
DISCUSSION
Thirteen of the 143 observed taxa were recently recorded for the first time in the area by other authors: five were found in the coast of Bahia State by BarrosBarreto et al. (2004) , three were also found for the first time in the northeast region of Brazil by BarrosBarreto et al. (2004) , and a total of five were found in the Brazilian coast by Villaça & Jensen, (2006) , Barros-Barreto (2006), and Barros-Barreto et al. (2004) .
The orders Bryopsidales, Dictyotales, and Ceramiales were the most abundant during this study. Yoneshigue et al. (2006) mentioned these orders as the main groups of macroalgae recorded by the REVIZEE Program for benthic diversity of The contrasting difference between the great number of taxa found in Penha and Itaparica Island and the low number of taxa found in Farol da Barra and Humaita that could be correlated with the seawater condition of these areas. Seawater in Farol da Barra and Humaita is much eutrophic (Macedo et al. 2001) , while seawater in Penha is visibly much more clear and clean. We think this illustrates how the environmental conditions drive the distribuition of marine flora in the TSB, accounting for the observed differences in number of species, composition and abundance of macroalgae observed between these sampled sites.
Similarly to what was found in previous studies in the northeastern Brazilian coast, Ochrophyta were the most abundant macroalgae in the TSB (Coutinho et al. 1993 , Amado Filho et al. 1997a , Villaça & Pitombo 1997 , Muñoz & Pereira 1998 , Figueiredo 2000 , Costa Jr. et al. 2002 , Villaça 2002 , Paula et al., 2003 .
Sargassum spp. and D. delicatula contributed with about 12% for the similarity between the sampled sites and seasons. Both genera were described by Figueiredo (2000) as the most important brown algae in the area at depths of 5-10 m in the Archipelago of Abrolhos, while Villaça et al (2006) reported having observed Sargassum spp. and Dictyotales partially covering the base of the coral reefs. D. delicatula was found in all sampled sites and seasons and contributed with 80% for the formation of cluster 3. This species is recorded for the Caribbean Region in many different habitats (Hay et al.1988 , Littler & Littler 2000 , being usually found in association with Sargassum spp. in tropical waters (Hay et al. 1988 , Figueiredo 2000 .
Although H. spinella, Amphiroa spp., D. delicatula and D. cervicornis were observed in the TSB mainly as epiphytes, their abundance and distribution in the sampled sites reflect their importance to the TSB benthic communities. These taxa were also registered as epiphytes in seagrass beds in the archipelago of Abrolhos (Paula et al. 2003) , and in the coral reefs of the coast of Salvador (Nunes 1997) . These results highlight the ecological importance of these taxa for the structure of phytobenthic populations of the Brazilian northeastern region.
It should be highlighted that the genus Halimeda was found in great quantities in Paramana and Tapera. This is one of the most commonly found calcified algae found in coral reefs of the Brazilian northeastern coast (Leão 1982 , Carvalho 1983 , Martins et al. 1991 , Coutinho et al. 1993 , Villaça & Pitombo 1997 , Costa Jr. et al. 2002 , besides being one of the most common taxa found in coral reefs (Lirman 2001 ) and one of the most important sources of carbonates to the reef systems (Adey 1998 , Villaça 2002 .
No significant variation in the diversity and evenness indices was detected between the different seasons, but the indices tended to be higher in the dry season. This is probably due to the more stable environmental conditions of this period, during which there is little variation in water salinity, sediments and sewage income (Wallner-Kersanach 1994).
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